ABSTRACT: Seventy-nine continental crossbred beef heifers (524.4 ± 41.68 kg BW), 16 of which were ruminally cannulated, were used in a 53-d experiment with a generalized randomized block design to assess the effects of barley grain (BG), corn silage (CS), and corn distillers' grain (DG) offered in a free-choice diet on feeding behavior and ruminal fermentation. Treatments were total mixed ration (TMR) consisting of 85% BG, 10% CS, and 5% supplement or free-choice (i.e., selfselection) diets of BG and CS (BGCS), BG and corn dry DG (BGDG), or CS and corn DG (CSDG). Heifers were housed in groups of 9 or 10 in 8 pens and weighed 2 h before feed delivery at d 0, 21, 42, and 52 of the study. Pens were equipped with an electronic feed bunk monitoring system enabling feed intake and feeding behavior to be continuously monitored. Each of these pens was randomly allocated 2 cannulated heifers equipped with indwelling pH probes for continuous measurement of ruminal pH during wk 1, 2, 4, and 7. Blood and rumen contents were taken from cannulated heifers 2 h after feed delivery on d -3, 0, 7, 8, 42, and 49. Cattle fed either TMR or freechoice diets had similar (P > 0.10) ruminal fermentation, blood profile, and growth performance, with the exception of the CSDG diet, for which ruminal pH levels were consistently greater (P < 0.01) and performance was lower (P < 0.01). When DG was a component in freechoice diets, heifers reduced its inclusion in the diet (P < 0.05) over the experiment without affecting growth rate or ruminal fluid pH. Finishing feedlot cattle fed BG and CS separately selected a diet with a greater proportion of BG (85% DMI) compared to the TMR with no signs of acidosis. When cattle were given free-choice access to corn dry DG as an alternative to CS, they consumed levels up to 30% of their total daily DMI. Under the conditions of our experiment cattle can effectively self-select diets without increasing the risk of subclinical acidosis and still maintain similar levels of growth and feed efficiency compared with a TMR.
INTRODUCTION
Feedlot cattle are often fed total mixed rations (TMR) comprising a high proportion of grain and minimal forage to maximize growth performance and profitability. Animals are extremely variable in their tolerance of highly fermentable diets (Brown et al., 2006) and as a result, digestive upsets such as acute or subacute ruminal acidosis (Owens et al., 1998 ) are a persistent problem in finishing feedlot cattle production (Galyean and Rivera, 2003) .
It is well known that diet composition and ruminal microbial population play a large part in the development of digestive upsets (Nagaraja and Titgemeyer, 2007) . However, the effects of feeding behavior on gastrointestinal function in cattle are less understood. Previous studies reported that ruminants allowed to choose among ingredients were able to select diets according to their needs (Atwood et al., 2001; Moya et al., 2011) . Moreover, when sodium bicarbonate is offered as a choice, ruminants select a diet that attenuates ruminal acidosis (James and Kyriazakis, 2002; Phy and Provenza, 1998a,b) . However, research that measured ruminal pH in relation to selection of dietary ingredients has not substantiated this claim (Keunen et al., 2003; Paton et al., 2006) .
Corn distillers' grains (DG) are widely used in finishing diets of feedlot cattle. As supplies increase, a greater amount is being used as an energy source to replace grain or as a protein supplement to enhance the utilization of low-quality forages . However, there is little information on the dietary inclusion of corn DG when offered ad libitum to finishing feedlot cattle and its interacting effects on feeding behavior, performance, and ruminal fermentation.
This study was conducted to determine the effects of barley grain (BG), corn silage (CS), and corn DG offered in a free-choice diet on feeding behavior and ruminal fermentation.
MATERIALS AND METHODS

Experimental Design
Animals. All animals were cared for in accordance to the Canada Council of Animal Care (1997) guidelines. Seventy-nine continental crossbred beef heifers, with an initial BW of 524.4 ± 41.68 kg, were used in a 53-d experiment at the Agriculture and Agri-Food Canada Research Centre in Lethbridge (AB, Canada). The experiment was conducted as a generalized block design, with the animals divided homogenously among pens and treatments according to their BW. Three months before starting the study, cattle were ear tagged, fitted with a radio frequency transponder (Allflex USA Inc., Dallas Ft. Worth, TX) in the ear, and implanted with a growth promotant (Component E-H; Elanco Animal Health, Guelph, ON, Canada). In addition, 16 out of the 79 heifers (551.1 ± 27.16) were ruminally cannulated (model 9C; Bar Diamond, Parma, ID) under local anesthesia using full aseptic precautions.
Dietary Treatments. Treatments included (Table 1 ) 1) a TMR comprising mainly BG and CS as a control, 2) a free-choice (i.e., self-selection) diet of BG and CS (BGCS) providing cattle with separate access to dryrolled BG and CS, 3) a free-choice diet of BG and corn dry DG (BGDG) offered separately, or 4) a free-choice diet of CS and corn DG (CSDG) offered separately. The control TMR was typical of rations used in western Canadian feedlots before the availability of DG. To ensure adequate vitamin and mineral consumption (NRC, 2000) , a pelleted supplement was added to the TMR and all dietary components (i.e., BG, CS, and DG). Melengesterol acetate (MGA; Pfizer, Kirkland, QC, Canada) was added to the supplement (1 mg MGA/kg of supplement) to suppress estrus. This level of inclusion was based on an estimated daily intake of 10 kg DM/heifer and aiming for a daily intake of 0.5 mg MGA/heifer. Furthermore, to minimize the impact of N intake on feeding behavior, the CP concentration of BG and CS were matched by adding 14% of corn DG to CS.
All feeds were delivered daily at 0900 h and were provided ad libitum assuring a 5 to10% weigh back. For free-choice diets, the location of each dietary ingredient within the pen was switched every 7 d throughout the experiment to eliminate the confounding effect of feed type and bunk location. Before starting the experiment all heifers were fed the TMR diet, with free-choice diets being available from d 1 to 53 of the study.
Housing. Heifers were assigned, in groups of 9 or 10, to 1 of 8 pens ensuring uniformity in BW among pens. Pens measured 21 by 27 m, with 15 m 2 of concrete in front of the feed bunk and 12.6 m 2 of pen space available for each heifer, a similar stocking density to that of a commercial feedlot. Cattle were provided with a continuous supply of fresh water.
Pens contained 2 feeding tubs equipped with an electronic monitoring system (GrowSafe Systems, Airdrie, AB, Canada) for automatic recording of feed intake and feeding behavior. Tub measures and system functioning was as described by Moya et al. (2011) . Each treatment was offered in 2 of the 8 pens. The 16 cannulated heifers were assigned equally among the 8 pens (2 cannulated heifers per pen). All heifers were adapted to their feeding system for a minimum of 1 mo before commencing the experiment. 
Data Collection
Feed Analysis and Intake. Samples of TMR, BG, DG, and CS were collected weekly for determination of DM. Values were used to calculate weekly composition of the diets offered on a DM basis. A subsample of each was stored and composited at 3-wk intervals for chemical analyses. Feed offered was recorded daily for each pen over the length of the experiment, while orts were removed, weighed, and sampled weekly for DM determination. Therefore, DMI was determined weekly for each diet and pen as DM offered minus DM refused to ensure that the automatic monitoring system was functioning correctly. The feed and ort DM was determined by oven drying at 55°C for 48 h. All the analyses were performed on each sample in duplicate, and when the coefficient of variation was higher than 5%, the analysis was repeated. The NDF and ADF contents were determined by methods described by Van Soest et al. (1991) , with amylase and sodium sulfite used in the NDF procedure. The concentration of CP (N × 6.25) in feed was quantified by flash combustion with gas chromatography and thermal conductivity detection (Carlo Erba Instruments, Milan, Italy) . Mineral levels were determined by inductively coupled plasma optical emission spectrometry (Spectro Ciros ICP-OES with Smart Analyzer Vision software; Spectro Analytical Instruments, Kleve, Germany).
Feeding Behavior. The electronic feed bunk monitoring system (GrowSafe Systems, Airdrie, AB, Canada) allowed the collection and storage of animal behavior data 24 h/d from d 1 to 49 of the experiment. The distinct feeding events were pooled into meals as described by González et al. (2009) . To pool feeding visits into meals, the meal criterion was calculated for each individual animal using the method of Yeates et al. (2001) , defined as the longest nonfeeding interval accepted (in minutes) as part of a meal. The meal criterion allowed the determination of meal frequency as the number of times per day that a nonfeeding interval length exceeded the meal criterion, the meal size (kg DM/meal), as the average feed consumed per meal, and the feeding time, calculated as the sum of the length of all visits within a meal (min/meal) or within a day (min/d), including time out of the feeder within a meal. Frequency of visits was calculated as the number of feeding visits per day (number/d) and per meal (number/meal). Daily feeding time (min/d) was calculated as the time spent at the feeders within a day, without including the time in which heifers were absent from the feeders within a meal. Feeding rate was determined as daily DMI divided by daily feeding time (g DM/min). Additionally, total DMI and proportion of each component in the total DMI were determined daily as well as the day-to-day variability over the experiment, calculated as the standard deviation. All these calculations were determined for each animal using specially designed software developed in SAS (version 9.1.3; SAS Inst. Inc., Cary, NC).
Weight Gain. Heifers were weighed 2 h before feed delivery on d 0, 21, 42, and 52 to determine ADG and G:F.
Ruminal pH. Ruminal pH was continuously measured in cannulated heifers during wk 1, 2, 4, and 7 of the experiment using a wireless indwelling pH system (Penner et al., 2006) . The system consisted of a pH probe (model PHCN-37; Omega Engineering, Stamford, CT) enclosed in a protective shield that allowed the ruminal liquid to percolate freely but prevented the electrode from contacting the ruminal epithelium. Weights were attached to each probe to ensure that they remained in the ventral sac of the rumen. The indwelling electrode measured and recorded the ruminal pH every 60 s over the measurement period. Each electrode was standardized using pH 4.0 and 7.0 standards at the beginning and at the end of each week. The pH data were first summarized by day and then averaged by week as mean pH, maximum and minimum pH, and number of bouts and total amount of time with pH below 5.5.
Blood Variables. Blood samples were taken from the cannulated heifers via jugular venipuncture immediately before feed delivery 3 d before starting the experiment and on d 0, 7, 8, 42, and 49 of the study. Blood was collected in 10 mL vacuum tubes containing 170 IU of sodium heparin (Vacutainer number 6480; Becton Dickinson, Franklin Lakes, NJ), and samples were analyzed within 2 h. Blood pH, partial pressure of CO 2 (pCO 2 ), bicarbonate content, total content of CO 2 (equivalent to the content of bicarbonate plus carbonic acid), and the serum anion gap (the sum of free cations, Na + + K + , minus the sum of free anions, Cl -+ HCO 3 -, in serum) were determined immediately using an electrolyte and blood gas analyzer (Vetstat; Idexx Laboratories, Westbrook, ME). Packed cell volume was determined using blood collected into a 7 mL vacuum tube containing 10.8 mg of EDTA (Vacutainer number 6450; Becton Dickinson). The blood was transferred to a microhematocrit capillary tube, the end was sealed, and the tube was centrifuged at room temperature for 6 min at 12,000 × g in for 6 min using a hematocrit centrifuge and read with a microcapillary reader (model MH; International Equipment Co., Boston, MA).
Statistical Analyses
Data were analyzed using the MIXED procedure of SAS (SAS Server Interface version 2.0.4; SAS Inst. Inc., Cary, NC) for repeated measures over time. For the analyses of ruminal pH and blood parameters (n = 4) as well as performance and eating behavior (n = 19 to 20), animal was considered the subject, and the covariance structure was chosen considering goodness of fit statistics, such as the Bayesian information criterion as well as characteristics of the variable tested. The model included the effects of treatment, time, and treatment × time. Pen was used as the blocking factor, and the spatial power function was used under unequal distances among repeated measurements. Degrees of freedom were calculated using the Kenward-Rogers method.
For the analysis of blood parameters, data collected before starting the trial were included as covariates in the model. Some variables (e.g., meal length) had to be log transformed to achieve a normal distribution before analysis. In the case of the number of acidosis bouts and time with pH below 5.5, data had to be analyzed with the GENMOD procedure for Poisson distributions, including treatment and time as fixed effects in the model, and considering animal within pen as the subject for repeated measurements.
For all the statistical analyses, significance was declared at P < 0.05 and trends at 0.05 < P < 0.10, using the Bonferroni multiple comparison test to separate means.
RESULTS
Treatment differences were of more interest than time differences within a treatment. Therefore, daily means within each treatment are not presented, but treatment × time interactions are discussed where applicable.
Feed Intake and Behavior
Daily DMI was greater (P = 0.01) for heifers fed TMR than those fed BGCS or BGDG and in heifers fed CSDG than those fed BGCS, but there were no differences (P > 0.10) between heifers fed CSDG and those fed TMR or BGDG ( Table 2 ). The meal size was greater (P = 0.05) in heifers fed BGDG than those fed BGCS or CSDG. The frequency of meals was greater (P = 0.05) in heifers fed CSDG than those fed TMR or BGDG, but it was not different (P > 0.10) from those fed BGCS.
The meal length was greater (P < 0.01) in heifers fed CSDG than those fed any other diet. The feeding rate was greater (P < 0.01) in heifers fed BGDG than those fed any other diet, and it was lower (P < 0.01) in heifers fed CSDG compared to all other diets. Feeding time was greater (P < 0.01) in heifers fed CSDG than those fed any other diet, and it was lower (P < 0.01) in heifers fed BGDG compared to all the other diets. In addition, day-to-day variability of DMI over the experiment was greater (P < 0.01) for heifers fed CSDG than those fed other diets (4.47 vs. 2.82, 3.44, and 2.92 ± 0.240 kg DM/d for CSDG vs. TMR, BGCS, and BGDG, respectively. Results not included in the tables).
Results of the analyses of feeding behavior of each dietary component (DMI, frequency of visits, feeding time, and feeding rate) can be expressed either by meal or by day. In our case, both ways showed exactly the same effects and trends. Therefore, to avoid duplicities in the information and to reduce the amount of data presented, we will discuss only the results expressed by day (Table 3) .
Regarding the feeding behavior of heifers offered CS as a dietary component, a treatment × time interaction (P < 0.05) was observed for all feeding behavior variables, except for feeding rate (Table 3 ). Daily intake (1.24 ± 0.128 kg DM/d), percent of total DMI (14.3 ± 0.84%), and feeding time (20.5 ± 1.68 min/d) were constant throughout the experiment when CS was fed with BG, but it increased when CS was offered with DG (wk 2 = 6.67 vs. wk 7 = 7.49 ± 0.220 kg DM/d, wk 2 = 68.8 vs. wk 6 = 73.9 ± 1.62%, and wk 2 = 74.5 vs. wk 7 = 82.9 ± 3.13 min/d). The daily frequency of visits to the feeder decreased throughout the experiment when CS was offered with BG (wk 3 = 10.8 vs. wk 6 = 7.0 ± 1.36 visits/d), but it increased when CS was fed with DG (wk 2 = 29.9 vs. wk 6 = 35.1 ± 1.43 visits/d). Feeding rate was greater (P < 0.01) over the course of the experiment when CS was fed with DG than when it was fed with BG. When BG was offered free choice, the daily DMI (P = 0.01) and feeding time (P = 0.02) of this dietary component were greater if BG was fed with DG than with CS (Table 3 ). The percent of total DMI showed a treatment × time interaction (P < 0.01), where it was constant throughout the experiment when BG was fed with CS (85.8 ± 0.61%), but it increased over the experiment when BG was fed with DG (wk 2 = 88.8 vs. wk 7 = 93.9 ± 1.23%). The frequency of visits to the feeder was greater (P < 0.01) if BG was offered with CS than with DG.
The feeding behavior of heifers offered free-choice diets containing DG (Table 3) showed a treatment × time interaction (P ≤ 0.01), where DMI and percent of total DMI decreased from wk 3 to 7 of the experiment (1.50 vs. 0.60 ± 0.182 kg DM/d and 16.3 vs. 6.13 ± 1.567%, respectively), when DG was fed with BG, and from wk 2 to 6 (2.99 vs. 2.51 ± 0.187 kg DM/d and 30.9 vs. 25.8 ± 1.61%, respectively), when heifers were offered DG and CS. An effect (P = 0.01) and a trend (P = 0.09) for a treatment × time was observed for frequency of visits and feeding time, respectively, depending on whether DG was fed with BG or CS (data not shown). Feeding rate was lesser (P < 0.01) when DG was fed with BG than when fed with CS.
Ruminal pH Profile
Heifers fed CSDG exhibited a greater (P < 0.01) mean, maximum, and minimum ruminal pH than those fed other diets (Table 4 ). The number of bouts with pH below 5.5 was greater (P = 0.03) in heifers fed TMR than those fed BGCS, and it was lower in heifers fed CSDG than those fed all the other diets. The number of hours per day that the pH was below 5.5 was also lower (P = 0.04) in heifers fed CSDG than those fed all other diets.
Blood Variables
Blood pH showed a treatment × time interaction (P = 0.04; Table 5 ), where heifers fed BGDG and CSDG had lower values than those fed other treatments on d 8 and 42, respectively (data not shown). The pCO 2 tended to be greater (P = 0.07) in heifers fed BGCS than those fed BGDG. There was a treatment × time interaction (P = 0.01), where HCO 3 -and total CO 2 were lower in heifers fed BGDG than those fed BGCS or CSDG on d 7, and they were lower in heifers fed BGDG and TMR than those fed CSDG on d 8 of the experiment (data not shown).
Performance
The ADG (P < 0.01) and G:F (P = 0.01) showed a treatment × time interaction (Table 6) , where it was 
DISCUSSION
Feed Intake and Behavior
When the components of the diet were offered separately, feedlot cattle were able to regulate their daily intake and feeding behavior for each ingredient depending on the dietary components offered. In agreement with previous studies (Atwood et al., 2001; Moya et al., 2011; Bach et al., 2012) , these results suggest that ruminants allowed to choose among ingredients are able to regulate feed intake according to their needs.
Multiple factors influence diet selection by ruminants, including postingestive feedback mechanisms (Provenza and Villalba, 2006; Yearsley et al., 2006) , learning and feeding motivation (Day et al., 1998) , energy balance and nutrient requirements (Stubbs and Tolkamp, 2006) , fitness of the animal (Illius et al., 2002) , or oxygen efficiency (Ketelaars and Tolkamp, 1996) . In our study, when cattle were able to freely choose DG as a dietary component in combination with either CS or BG, the proportion of DG in the diet fluctuated showing lower values at the end than at the beginning of the experiment (Fig. 1) .
In the case of heifers fed the CSDG treatment, this reduction may be associated with adaptation to a diet where DG is included in a high proportion. Even though DG and BG have approximately the same energy value, the proportion of DG consumed was lower than BG when they were offered with CS, suggesting that factors such as the higher fiber or N concentration may have limited DG consumption as the energy source of the diet. Researchers have demonstrated that corn DDGS can be included in finishing diets of cattle up to 40% of total DM without any negative effect on performance, digestion or ruminal fermentation (Ham et al., 1994; Leupp et al., 2009; Vander Pol et al., 2009) . However, it is also known that with inclusion levels of DG above 30% of diet DM, S may be overfed (Klopfenstein et al., 2008) . In this experiment, based on our determinations of mineral composition and DMI (Table 1) , the S intake of heifers fed the CSDG treatment ranged between 0.41 and 0.46% DM, slightly above of the maximum tolerable level listed at 0.40% (NRC, 2000) . Elevated levels of dietary S may cause reduced DMI and ADG, among other symptoms (Lonergan et al., 2001) . Therefore, declining DMI at DG inclusion levels above 30% may be partially explained by excess S intake (Klopfenstein et al., 2008) .
In the case of cattle fed the BGDG treatment, the reduction of the DG proportion over the experiment may be interpreted as a voluntary adaptation process to a high-concentrate diet, also reported in previous studies (Catanese et al., 2009; Moya et al., 2011) . Adaptation to high-grain diets occurs at several levels within the animal, including ruminal microbial populations, epithelium of the digestive tract, metabolism, and behavior (Tajima et al., 2000; Sun et al., 2010; González et al., 2012) . These changes could have allowed the animals to proportionally increase the BG proportion in the diet over the experiment, consequently reducing the proportion of DG consumed.
Unlike heifers in the BGDG treatment, when a choice of BG and CS was offered, cattle steadily consumed a diet consisting of 86% BG and 14% CS, with no Table 4 . Ruminal pH profile of 16 feedlot cattle (n = 4/treatment) when fed a conventional total mixed ration (TMR) or corn silage, barley grain, and distillers' grains offered separately in the free-choice dietary treatments and determined daily during wk 1, 2, 4, and 7 of the experiment increase in preference for BG over the experiment (Fig.  1) . Previous research has also shown the ability of cattle to consume high proportions of grain if given a freechoice diet (Sahin et al., 2003; Askar et al., 2006; Moya et al., 2011) . However, other studies reported grain consumption levels below 60% of total DMI in cattle offered free-choice diets (Catanese et al., 2009; Commun et al., 2009) . As mentioned previously, there are multiple factors involved in the regulation of individual feed intake. Small variations in one of these factors, such as the age of the animals or the physically effective fiber content of the forage, may lead some animals to select a diet with different levels of grain than others. In our study heifers fed BGDG consumed more BG than those fed with BGCS. On the one hand, the greater NDF concentration of CS (40.7% DM) compared with DG (29.8% DM), and its larger particle size may in part account for the greater intake of BG when offered with DG, due to its lower filling effect (Allen, 1996) and faster passage rate from the reticulorumen (Jung and Allen, 1995) . On the other hand, some authors have suggested that replacing corn with a highly digestible fiber source such as corn DDGS may decrease the incidence of subacute acidosis (Rust et al., 1990; Larson et al., 1993; Krehbiel et al., 1995) , which would allow the heifers to increase the proportion of BG in the diet. This is in agreement with the data observed in our experiment, where heifers fed the BGDG treatment increased their preference for BG over the experiment without increasing the risk of acidosis. The lower energy concentration of CS compared with the rest of the dietary components resulted in heifers consuming at greater amount of CS (TMR and CSDG), increasing total DMI in an effort to meet energy requirements (Table 2) . Mertens (1994) showed that DMI was positively correlated with NDF concentration when energy limited intake. In addition, a previous study (Britton and Stock, 1987) has associated erratic feed intake, as assessed by an increase in the day-to-day variability of DMI, with the occurrence of digestive disorders such as acidosis. In our experiment, heifers fed either the TMR or the free-choice diets did not show differences in DMI variability, with the exception for those fed CSDG. However, the greater DMI variability with CSDG was not associated with ruminal acidosis, as cattle fed this diet had the greatest ruminal pH. We hypothesize that it is likely the result of an adaptation process to a diet with unusually low starch concentration. A previous study (Moya et al., 2011) has shown similar results when beef heifers were offered a choice of CS and wheat dry DG.
Feeding Behavior
The larger particle size of CS compared with the rest of the dietary components explains the differences in feeding behavior amongst treatments. Due to its greater filling effect (Allen, 1996) and slower passage rate from the reticulorumen (Jung and Allen, 1995) , heifers that did not have CS as part of the diet (BGDG treatment) ate larger and less frequent meals faster, thereby reducing feeding time. These differences were especially significant when compared to heifers fed the CSDG treatment, where CS was 70% of the diet DM, as seen by the lower meal size and feeding rate, the greater frequency of meals, and the longer feeding time of CSDG heifers compared to BGDG. In his review on how feed ingredients impact feeding behavior, González et al. (2012) suggested that diets with lower proportions of forages and smaller particle sizes have greater density, which results in faster eating rate (Beauchemin et al., 2008; Moya et al., 2011) , larger meals (Dado and Allen, 1995; Tolkamp et al., 2002) , and shorter time eating (Beauchemin et al., 1994; Taylor and Allen, 2005) . The previously described differences in dietary ingredient preference, depending on the offered treatment, can be explained by changes in feeding behavior. Observed changes in the diet composition were directly related to changes in DMI, feeding time, or frequency of visits to the feed bunk. Therefore, heifers fed CSDG increased consumption of CS over the experiment, increasing DMI, frequency of visits, and feeding time, even though the proportion of DG consumed decreased. Similarly, heifers fed the BGDG treatment progressively increased the consumption of BG and decreased the consumption of DG over the experiment with no change in feeding behavior or DMI. It is worth mentioning that at the end of this study, heifers fed BG as free choice did not seem to find a steady diet composition. Further studies would be needed to see what would happen in a longer feeding period and to evaluate whether heifers would eventually find a plateau or if they would end consuming only BG. The erratic frequency of visits and feeding time over the experiment when heifers were offered DG as a choice was likely the result of adaptation to a novel food. Even within uniform groups of animals, individuals vary morphologically and physiologically, manifesting differences in their feeding behavior and the acceptance of new dietary components (Provenza et al., 2003; Provenza and Villalba, 2006) .
Ruminal pH and Blood Parameters
Ruminal pH and blood parameters were measured to assess the relationship between diet selection and ruminal and metabolic acidosis. The TMR, BGCS, and BGDG treatments did not differ in blood or pH profiles, with the exception of the number of bouts of pH below 5.5, which was greater in heifers fed BG and CS as a TMR than as a free-choice diet (Table 4 ). This finding suggests that providing heifers a BG and CS diet either as TMR or free choice did not alter ruminal fermentation or blood parameters, even though the consumption of BG was greater when offered free choice. In addition, free-choice provision of BG and DG, without forage, also resulted in no noticeable increase in subclinical or clinical acidosis. Moreover, although cattle offered BGDG increased the proportional intake of BG over the experiment, ruminal pH remained relatively constant with no measurable treatment × time interaction.
Cattle fed CSDG had the greatest ruminal fluid pH, a response that likely reflects the greater physically effective fiber content of CS, which stimulates rumination and salivation. Furthermore, treatments including DG as a dietary choice would have also promoted the highest level of CP intake, a factor that may have also modulated pH through increased NH 3 in the rumen (Sauvant et al., 1999) . Leupp et al. (2009) reported that replacing dry-rolled corn with DDGS in diets for growing steers resulted in a linear increase of ruminal pH.
Our results of ruminal pH and blood parameters suggest that when beef cattle were provided with separate access to different ingredients, the heifers were capable of self-selecting diets without increasing the risk of subclinical or clinical acidosis. However, these results must be interpreted with caution as pH parameters were only measured in 4 heifers on each diet. Individuals are known to differ widely in their response to diets that increase the risk of subclinical acidosis, and many of the factors responsible for this variation remain unclear (Bevans et al., 2005; Penner et al., 2011) . Other factors outside the heifers, such as a high pen density or a low bunk space per head, could have also had an impact on the ability of cattle to self-regulate their digestive function (González et al., 2008) . Reduced feeding space limits normal feeding patterns and increases the risk of acidosis (Krause and Oetzel, 2006) .
Animal Performance
Except for the first 21 d of the experiment, when the cattle fed free-choice diets were likely in the adaptation process to the new diet and feeding system, cattle fed the BGCS and BGDG treatments maintained the same ADG and G:F as those fed the TMR. Others have shown similar results in beef cattle fed a free-choice diet vs. a TMR (Atwood et al., 2001; Sahin et al., 2003; Moya et al., 2011) . In the context of this relatively short feeding period, the lack of difference in the performance parameters among those treatments leads to the conclusion that offering grain and forage components separately enabled the heifers to select their own diet without negatively affecting performance relative to a TMR diet. Furthermore, neither growth rate nor ruminal fluid pH was affected when the source of forage (CS) was eliminated from the diet, as in the BGDG treatment. This is an important finding because of the growing availability of DG and the potential to reduce the forage component of finishing feedlot diets (Klopfenstein et al., 2008; Wierenga et al., 2010) . As expected, by the end of the experiment, heifers fed the CSDG treatment, with an average of 70% of CS intake, showed the lowest performance compared with the other treatments.
Conclusions
Cattle fed free-choice diets comprising BG, CS, and corn DG had similar ruminal fermentation and growth performance to those fed a conventional TMR, with the exception of the CSDG diet, for which ruminal pH levels were consistently higher and performance was lower.
When corn DG was a component in free-choice diets, heifers reduced its inclusion in the diet without affecting growth rate or ruminal fluid pH. When cattle were given free-choice access to corn DG as an alternative to CS, they consumed levels up to 30% of their total daily DMI with no signs of acidosis. Even though DG and BG had approximately the same energy value, the proportion of DG consumed was lower than BG when they were offered with CS, suggesting that factors such as the greater fiber or N concentration may have limited DG consumption as the energy source of the diet. 
